






















-ETALLIC  NANOPARTICLES  ARE  QUITE  ATTRACTIVE  BECAUSE  OF  THEIR 
PHYSICOCHEMICAL  CHARACTERISTICS  SUCH  AS  CATALYTIC  ACTIVITY 
OPTICAL  ELECTRONIC  AND  MAGNETIC  PROPERTIES  	  )N 
PARTICULAR  BECAUSE  OF  THEIR  APPLICATIONS  IN  CATALYSIS  	 





	  HEATTREATMENT  	  MICROWAVE  IRRADIATION  	 
SONOCHEMICAL  	  PHOTOLYTICAL  	  SEEDING  GROWTH 
APPROACH  	  AND  SO  ON  &OR  MOST  APPLICATIONS  AND 
FUNDAMENTAL STUDIES 	 THE CONTROL OF THE SIZE 
	  SHAPE  AND DISPERSITY  IS  DESIRABLE  ALONG WITH  A  SIMPLE 
CONVENIENT AND WIDELY APPLICABLE SYNTHETIC METHOD ! SURVEY 
OF  THE  SYNTHETIC  REPORTS  	  CLEARLY  INDICATES  THAT 
NANOPARTICLE  PROPERTIES  SUCH  AS  STABILITY  AND  PARTICLE  SIZE 
	 STRONGLY RELY ON THE EXPERIMENTAL METHODOLOGY AND 
THE EMPLOYED  CONDITIONS  4WO PRIMARY PERCEPTIONS  CAN BE 
DISTINGUISHED  IN  THE  SOLUTION  SYNTHESIS  OF  !U  4HE  ½RST 
INVOLVES  THE  REDUCTION  OF  !U#L
  IONS  IN  AQUEOUS  MEDIA 
EMPLOYING ANY ONE OF  THE REDUCING AGENTS SUCH AS SODIUM 
BOROHYDRIDE  HYDRAZINE  HYDROXYLAMINE  AND  SODIUM 
NAPHTHALENIDE  IN  THE  PRESENCE  OR  ABSENCE  OF  ADDITIONAL 
STABILIZING  LIGANDS  4HE  SECOND  INVOLVES  THE  SYNTHESIS  IN 
ORGANIC SOLVENTS 4HE MOST POPULAR METHOD IS THE TWOPHASE 
SYNTHESIS  REPORTED  BY  "RUST  ET  AL  	  WHICH  INVOLVES  THE 
TRANSFER  OF  !U#L
  IONS  INTO  TOLUENE  WITH  THE  USE  OF 




















4HIS PROCEDURE COULD BE WIDELY  APPLICABLE  AND  THE DESIRED 
PARTICLE SIZE CAN BE PREPARED BY SIMPLY CHANGING THE REACTION 










MEDIUM  AT  ROOM  TEMPERATURE  -OST  SYNTHESES  REPORTED 





GENERAL  IN  ADDITION  TO  PROVIDING  NANOPARTICLES  WITH  WELL
DE½NED STRUCTURES
(ERE  WE  REPORT  A  FACILE  ONESTEP  SYNTHESIS  OF  !U  WITH 
CONTROLLED  SIZE  BY  USING  ONLY  4  IN  AQUEOUS  MEDIUM 
$IFFERENT  FROM  PREVIOUS  SYNTHESES  WHERE  EITHER  REDUCING 
AGENTS ANDOR ENERGY SOURCES WERE USED FOR PARTICLE FORMATION 
THE CURRENT SYNTHESIS DID NOT USE THESE ADDITIONAL SOURCES 7E 
HAVE  MADE  THE  DISCOVERY  THAT  NONIONIC  SURFACTANTS  IN  THE 
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Wavelength (nm)
(a) 0.1 mM - 1 wt%
0.1 mM - 3 wt%
0.1 mM - 5 wt%
0.1 mM - 7 wt%
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Wavelength (nm)
(b) 0.2 mM - 1 wt%
0.2 mM - 3 wt%
0.2 mM - 5 wt%
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Wavelength (nm)
(c) 0.3 mM - 1 wt%
0.3 mM - 3 wt%
0.3 mM - 5 wt%
0.3 mM - 7 wt%
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Wavelength (nm)
(d) 0.4 mM - 1 wt%
0.4 mM - 3 wt%
0.4 mM - 5 wt%
0.4 mM - 7 wt%










THAT  AS  THE  TEMPERATURE  INCREASED  THE  DIAMETER  AND  THE 
YIELD OF THE !U INCREASED 4HIS CONSEQUENCE CAN BE EXPLAINED 
BY  THE HIGHER  REACTIVITY OF 4 WITH A HIGHER  TEMPERATURE 
)NTERESTINGLY AS THE TEMPERATURE INCREASED THE REACTION TIME 
FOR THE FORMATION OF !U DECREASED 4HE CORRELATION BETWEEN 
REACTION  TEMPERATURE  TIME  AND  PARTICLE  SIZE  IS  SHOWN  IN 
&IGURE  WHICH MARKEDLY SHOWS THAT THE AVERAGE SIZE OF !U 
IS  DIRECTLY  PROPORTIONAL  TO  TEMPERATURE  AND  INVERSELY 
PROPORTIONAL  TO  TIME  4HE  DIFFERENCE  IN  SIZE  VARIATION  AS  A 
FUNCTION OF TEMPERATURE SUGGESTS THAT THE GROWTH MECHANISM 
IS KINETICALLY CONTROLLED 4HE DETAILED SCHEMATIC DEMONSTRATION 













TIME  ½NALLY  REACHING  A  CONSTANT  ABSORBANCE  AFTER    H  AND 
ONLY A SLIGHT  INCREASE  IN THE ABSORPTION OCCURRED THEREAFTER 
AND BOTH  THE ½NAL  ABSORBANCE VALUE AND  THE PEAK POSITION 
REMAINED CONSTANT EVEN AFTER  STORAGE  FOR  SEVERAL WEEKS 4O 
EVIDENTLY DISPLAY THE REACTION DYNAMICS OF THE FORMATION OF 
!U  WITH  TIME  THE  DEPENDENCE  OF  THE  !UNANOPARTICLE 
ABSORPTION INTENSITY AROUND  NM WITH TIME IS ALSO SHOWN 
IN  &IGURE    !S  SEEN  FROM  THE  CURVE  &IGURE    INSET	  THE 













#ARY    SPECTROPHOTOMETER  4HE  MORPHOLOGY  AND  THE 
CRYSTALLINE SIZE WERE STUDIED WITH A 0HILIPS 434 TRANSMISSION 
ELECTRON MICROSCOPE  4%-	  4%-  SPECIMENS WERE PREPARED 
BY PLACING A FEW DROPS OF SAMPLE SOLUTION ON A COPPER MESH 
COVERED WITH A CARBON ½LM 4HE 8RAY DIFFRACTION 82$	 PATTERN 
WERE MEASURED  ON  A  2IGAKU  $IFFRACTOMETER  WITH  A  COPPER 
RADIATION L   NM	 AT  K6 AND  M!
2ESULTS
4HE  SIZE  OF  THE  PARTICLES  IS  TUNED BY  CONTROLLING  THE MOLAR 
RATIO OF 4 TO METAL PRECURSOR AND HEATING CONDITIONS )N A 
TYPICAL  EXPERIMENT   M- OF GOLD  SALT WAS  ADDED  TO  THE 
AQUEOUS  4  SURFACTANT  SOLUTION    WT	  AT  ROOM 
TEMPERATURE  !FTER    H  THE  COLOR  OF  THE  SOLUTION  CHANGED 
SLOWLY  FROM  COLORLESS  TO  PINK  AND  THEN  TO  RED  &IGURE  	 
!  TRANSMISSION  ELECTRON  MICROSCOPE  4%-	  SAMPLE  WAS 
PREPARED  AFTER    H  STANDING  4HE  PARTICLE  SIZES  WERE 
CALCULATED AND ARE SUMMARIZED IN THE 4ABLE  4HE AVERAGE 
SIZE OF THE !U PARTICLES WAS    NM AS DETERMINED 
FROM  A  STATISTICAL  STUDY  WITH    NANOPARTICLES 7HEN  THE 
CONCENTRATION  OF  GOLD  SALT  WAS  INCREASED  TO    M-  WE 
OBSERVED THAT THE SIZE OF !U INCREASED TO    NM 
CALCULATED  FROM    NANOPARTICLES  )NTERESTINGLY  THE  SIZE 
OF  !U  ALSO  INCREASED  TO        NM  WHEN  WE 
DECREASED    THE  CONCENTRATION OF  4  TO  WT	 7E ALSO 
CARRIED  OUT  SEVERAL  EXPERIMENTS  TO  INVESTIGATE  THE  SIZE 
VARIATION OF !U BY CHANGING THE CONCENTRATION OF THE GOLD 
SALT  AND  SURFACTANT  AND  THE  CHARACTERISTIC  SURFACE  PLASMON 
BAND OF !U OBTAINED AT DIFFERENT CONCENTRATIONS  SHOWN  IN 
&IGURE   
4HE  REACTIONS  WERE  TYPICALLY  CARRIED  OUT  AT  ROOM 
TEMPERATURE  ALTHOUGH  HIGHER  TEMPERATURES  WERE  ALSO 
STUDIED )T IS WORTH TO MENTION THAT THE PARTICLE SIZE OF THE 
!U COULD ALSO BE CONTROLLED BY USING DIFFERENT TEMPERATURE 
CONDITIONS  4HE  4%-  IMAGES  AND  THE  RELATED  HISTOGRAMS 













     SPHERICAL
     SPHERICAL





AFTER  STORAGE  FOR  SEVERAL  MONTHS  4HE  4STABILIZED    !U 
COULD  BE  ISOLATED  AND  WERE  FOUND  TO  BE  REDISPERSABLE  IN 
WATER 4HEREFORE THIS APPROACH IS VERY SIMPLE AND INEXPENSIVE 
ENABLING THE ONESTEP SYNTHESIS OF WELLDISPERSED AND STABLE 
!U  WITH  THE  DESIRED  SIZE  EVEN  WITHOUT  ANY  SOPHISTICATED 
EQUIPMENT  OR  FACILITIES  JUST  REQUIRING  THE  BASIC  STARTING 
MATERIALS GOLD SALT AND SURFACTANT	
4HE  (24%-  IMAGE  SHOWING  THE  LATTICE  FRINGES  OF  THE 
NANOPARTICLES  EXHIBITS  THE  CRYSTALLINE  NATURE  OF  THE 
NANOPARTICLES  &IGURE  A  INSET	  !  SELECTEDAREA  ELECTRON 
DIFFRACTION  3!%$	 PATTERN  SHOWN  IN  THE  INSET OF &IGURE B 
CLEARLY  REVEALS  THAT  THE  !U  FEATURES  A  FACECENTRED 
CUBIC FCC	 STRUCTURE 	 4HE 82$ PATTERN &IGURE 	 OF THE 
!U  SYNTHESIZED    M-  GOLD  SALT    WT  4	  AT  ROOM 
TEMPERATURE REVEALED TYPICAL RE¾EXES OF FCC GOLD WHICH ARE 
IN GOOD AGREEMENT WITH THE RESULTS OBTAINED FROM THE 4%- 
3!%$  PATTERN  4HE  LATTICE  PARAMETER  OBTAINED  OF  	 
` COINCIDES WITH THE  LITERATURE VALUE OF  ` *#0$3 .O 
	
/THER  STUDIES  USED  DIFFERENT  PROTECTIVE  AGENTS  AND 
ORGANIC  SOLVENTS  TO PRODUCE !U  FROM GOLD SALTS HOWEVER 
ALWAYS  IN  THE PRESENCE OF  REDUCING AGENTS  	 ANDOR 
EXTERNAL  ENERGIES  	  4YPICALLY  CHEMICAL  OR  PHOTO 
INDUCED  REDUCTION  MECHANISMS  ARE  INVOKED  TO  DESCRIBE 
SUCH  PROCESSES  3UCH  MECHANISMS  ARE  FUNDAMENTALLY 
DIFFERENT FROM THE SURFACTANTINDUCED MECHANISM PROPOSED 
HERE THAT COULD INVOLVE THE REPEAT UNIT ##/ OF 4 IN THE 




OF  THE  4WRAPPED  !U  &IGURE  B	  4O  ELUCIDATE  THAT 
FURTHER WE EXTENDED OUR TECHNIQUE FOR THE SYNTHESIS OF !U 
TO OTHER SURFACTANTS TAKING INTO CONSIDERATION THE VERSATILE 
ABILITY  OF  DIFFERENT  SURFACTANTS  FOR  MOLECULAR  ORGANIZATION 
	 4HEREFORE WE EMPLOYED ALSO IONIC SURFACTANTS SUCH AS 
SODIUM  DODECYLSULFATE  AND  CETYLTRIMETHYLAMMONIUM 






EF½CIENT  AND  ½RST  SCREENING  STUDIES  ON  OTHER  NONIONIC 
SURFACTANTS  WERE  FOUND  TO  CORROBORATE  THESE  ½NDINGS 




4%-  IMAGES  AND  RELATED  HISTOGRAMS  OF MONODISPERSE  !U  SYNTHESIZED 
USING DIFFERENT TEMPERATURE A	 # B	 # C	 # AND D	 # 
4HE  INSET  SHOWS  THE  (24%-  IMAGE  OF  SINGLE  NANOPARTICLE  A	  AND  THE 























































































































$PLOT  SHOWING  THE  TEMPERATURE AND  TIME EFFECTS  RELATIVE  TO  THE !U 
DIAMETER
'OLD "ULLETIN    
#/	  CHAINS  )N  ORDER  TO PROVE  THIS  THE  EXPERIMENTS WERE 
CARRIED  OUT  WITH  0%'  ALONE  )T  IS  OBSERVED  THAT  THE  !U 
OBTAINED  ARE  VERY  LARGE  NOT  UNIFORM  IN  SHAPE  SIZE 
DIMENSION AND SHOWED GREATER AGGLOMERATION AS EVIDENCED 
FROM  ITS  4%-  IMAGE  &IGURE A	  4HIS  FURTHER  CORROBORATES 
THAT THE POLYOXYTHEYLENE	 ##/	 CHAINS OF 4 PLAY A VITAL 





GROUPS	  THAN  THEIR  SURFACTANT    ETHOXY  GROUPS	  AND  THE 
NUMBER  OF  REDUCING  EQUIVALENTS  SHOULD  BE  OF  THE  SAME 
ORDER AT LEAST 4HEREFORE THE 4 REDUCES GOLD IONS TO THE 
NEUTRAL  STATE  VIA  OXIDATION  OF  OXYETHYLENE  GROUPS  INTO 
HYDROPEROXIDES AT THE SAME TIME THE SURFACTANT MOLECULES 









































!U  BY  USING  4  AT  DIFFERENT  TEMPERATURE  CONDITIONS  AND  B	  THE 
CORRESPONDING 56VIS SPECTRA
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&IGURE 
4IMEDEPENDENT 56VIS SPECTRA SHOWING THE CONVERSION OF GOLD SALTS TO 







































OXIDATION  OF  THE  OXYETHYLENE  GROUPS  WHICH  ARE  ABLE 
TO  REDUCE  THE  GOLD  IONS  TO  NEUTRAL  STATE  THE  EXPERIMENT 
WAS  CARRIED  OUT  UNDER  ANAEROBIC  CONDITIONS 
NITROGENATMOSPHERE	  )T WAS  OBSERVED  THAT  NO  SIGNI½CANT 
DIFFERENCE BETWEEN THE REACTIONS PROCEEDED UNDER AEROBIC 
AND  AN  ANAEROBIC  CONDITION 7HILE  THE  ##/ MOIETIES  OF 
4 MAY CONTRIBUTE TO THE OVERALL REDUCTION MECHANISM IT 
IS  IMPORTANT  TO  CONSIDER  THAT  4  AND  0%'  ARE  HYDROXY
TERMINATED )T IS LIKELY THAT THE TERMINAL /( GROUPS ARE ALSO 
RESPONSIBLE  FOR  THE  !U  REDUCTION  (OWEVER  THE  DETAILED 




!U  &IGURE B	  IN AQUEOUS SOLUTION AT  ROOM TEMPERATURE 






PRESENT  STUDY  OFFER  SEVERAL  VERY  IMPORTANT  ADVANTAGEOUS 
FEATURES  OVER  THE  CONVENTIONAL  METHODS  FOR  THE  SYNTHESIS 
OF  !U  &IRST  THIS  ROUTE  PERMITS  WELL  DISPERSED  !U  TO  BE 
OBTAINED IN AQUEOUS SOLUTION AT ROOM TEMPERATURE WITHOUT 
EMPLOYING  ANY  REDUCTANT  AGENTS  AND  EXTERNAL  ENERGY 
4HEREFORE  THIS  APPROACH  IS  VERY  SIMPLE  AND  INEXPENSIVE 
ENABLING  THE  SYNTHESIS  OF  !U  WITH  THE  DESIRED  SIZE  EVEN 
WITHOUT  ANY  SOPHISTICATED  EQUIPMENT  OR  FACILITIES  JUST 
REQUIRING  THE  BASIC  STARTING MATERIALS  3ECOND  THE  DESIRED 
PARTICLE  SIZE  CAN  BE  PREPARED  VIA  ONESTEP  BY  SIMPLY 
CHANGING THE REACTION CONDITIONS 4HIRD THE SYNTHETIC PROCESS 
IS  ENVIRONMENTALLY  FRIENDLY  AND  ECONOMICAL  AS  IT  USES 
EXCLUSIVELY  NONTOXIC  AND  INEXPENSIVE  MATERIALS  NAMELY 
SURFACTANT AND WATER 4HUS IT IS THOUGHT VIABLE TO BE READILY 
INTEGRATED  INTO  A  VARIETY  OF  SYSTEMS  ESPECIALLY  THOSE 
THAT  ARE  RELEVANT  TO  BIOMEDICAL  APPLICATIONS  &OURTH  THIS 
SYNTHETIC  STRATEGY  HAS  THE  POTENTIAL  TO  BE  A  GENERALIZED 








DEMONSTRATED  THAT  THE  CURRENT  FACILE  ONESTEP  SYNTHETIC 
PROTOCOL  IS  HIGHLY  VALUABLE  TO  PREPARE  WELLDISPERSED  AND 
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